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A 50 MHz shear wave transducer has been built on a silicon nitride 
buffer wedge, and operated with a modified C-scan imaging system to form a 
high frequency shear wave nondestructive testing system for ceramics. We 
have shown that coupling between the wedge and a sample at 45 degrees inci-
dence angle is adequate for imaging purposes, and can be maintained even on 
fine-ground surfaces (about 1 micron rms surface roughness), while scanning 
at linear speeds of at least 25 mm per second, using sucrosesolutions of 
50% to 60% concentration as the couplant. We have shown that it is possible 
to build a system which will detect flaws of order 20 microns in size with 
.4mm resolution to a depth of 7mm, while scanning about 1 square inch per 
minute. Advantages of this method over the commonly used longitudinal 
wave techniques include efficient coupling of the sound into the sample, 
absence of a front-surface echo, and enhanced depth resolution due to 
the shorter wavelength of shear waves. 
DI SCUS SION 
The basic geometry of the system i8 shown in Figure 1. A 50MHz lithium 
niobate shear wave transducer is fabricated on a silicon nitride 45-degree 
wedge with a slightly convex bot tom face, so good contact can easily be made 
to a substrate. The transducer is mounted in a gimballed housing to allow 
scanning while tracking the surface of the substrate. A computercontrolled, 
two-dimensional raster scanner, pulse echo electronics, a gated detector and 
an analog to digital converter complete the setup. Samples with known 
defects can be scanned, and echoes from the defects can be recorded as RF 
oscilloscope photographs or as digitally stored amplitudes. These ampli-
tudes can be used to construct line scans and pictures. 
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Figu~e 1. Block diagram of the SOMHz, wedge coupled shear 
wave imaging system. 
A transducer was fabricated indium bonding a lithium niobate shear 
oriented crystal to a silicon nitride block, and polishing it to a thickness 
of 48 microns, yielding a shear wave transducer of resonant frequency SO 
MHz. The far side of the block was then lapped and polished at a 4S degree 
angle, with a slightly convex (approx imately 1 meter radius) surface. A top 
electrode of chrome-gold with a one millimeter diameter defined the acoustic 
beam, and the transducer was mounted in a brass housing for mechanical 
support and electrical shielding. The housing included pivot points for the 
gimballed scanning system which would allow the transducer to move while 
tracking the surface of the samples. 
During fabrication, the impulse response of the transducer was measured 
and compared to theoretical values. The result is shown in Figure 2. As 
can be seen, the correspondence is good, indicat ing that the transducer was 
well fabricated. The differences between the two impulse responses are 
probably due to lack of parallelism between the transducer and the far side 
of the silicon nit ride block. 
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Figure 2. Theoretical vs. experimental impulse response 
of the SOMHz shear wave transducer. 
A set of hot-pres sed silicon nitride samples with seeded defects was 
obtained from Professor Khuri-Yakub at Stanford University. These samples 
are approximately one inch in diameter and .2 to .3 inch thick. Each sample 
contains inclusions of known type near its center. The types of inclusions 
represented are silicon, iron, and carbon. For each type, both 100 micron 
and 400 micron sizes are represented, and samples are available with both 
polished and fine ground surfaces. 
Experiments were performed to verify efficient coupling of shear waves 
and rletection of defects in the samples by manual coupling of the transducer 
from the wedge to the sample is by mode conversion to and from longitudinal 
waves in the water, as shown in Fig. 3. It was found that with careful 
attention to the cleanliness of the surfaces and the water, and with some 
wringing of the surfaces together, that efficient coupling could be 
achieved, and echoes could be detected from some flaws. However, this form 
of coupling was difficuit to maintain, as it tended to weaken if pressure 
were not maintained or if much movement were attempted, or to lock in 
position if pressure were maintained. Also, it was suspected from the 
strengths of the back wall echoes that the coupling was not close to 
complete. We had predicted theoretically that the coupling efficiency would 
be approximately 50% if the water layer could be made 1/50 wavelength thick 
(about .6 micron), but would decay to about 3% if the layer were 1/10 wave 
thick (3 microns). We could not directly measure the coupling or the water 
layer thickness, but we could inspect the echoes from the far end of the 
buffer wedge. As shown in figure4, there are two principal echoes from the 
fare end of the wedge, one which reflects from the front surface of the 
sample, and one which reflects from the back. If the coupling is poor, the 
first will be much stronger than the second. However, if the coupling is 
strong, both echoes will be present, and the second echo may be larger than 
the first. We were able to use this technique to estimate the strength of 
the coupling. 
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Detail of the coupling mechanism by which 
shear waves of vertical polarization are 
transmitted with low loss through a liquid 
interface. 
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Figure 4. Sound paths for back wa11 echoes for a wedge 
transducer with incomplete coup1ing between 
wedge and samp1e. 
Due to the difficu1ty of maintaining good coup1ing whi1e scanning with 
p1ain water, a series of experiments was carried out with sucrose solutions 
to achieve better performance. Sucroşe solutt'ons are known to have 
extreme1y high shear viscosities (of order 10 5 centipoise), are easy to 
prepare and c1ean up, and are non-toxic. We measured the relative strengths 
of the two rear-surface echoes as a function of sucrose concentration, both 
with the transducer wrung to the samp1e, and whi1e scanning at ane inch per 
second (the maximum scanning rate of our system). We a1so noted the 
durat ion for which coup1ing wou1d be maintained during continuous scanning 
without addition of coup1ant. The resu1ts are shown in Table 1 be10w. 
Dur experiments have indicated that a scanning speed of at 1east 25mm 
per second is feasib1e. With a lateral reso1ution of .4mm, this wi11 yie1d 
a scan rate of 6 square cm per minute, or .93 square inch per minute. This 
system cou1d scan from the surface of a samp1e to a depth of about 6mm at 
this rate when configured as we envision. 
We have done tests with po1ished and fine ground surfaces on the 
samp1es. Dur po1ished samp1es have a surface roughness of 1ess than .1 
micron rms, whi1e our fine ground samp1es have a surface roughness of 
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Table 1. Relative coupling effectiveness and persistence 
for various concentrations of sucrose in water, 
Concentrat ion Scanning Persistence 
Coupling 
(weight %) (dB) (minutes) 
O -1.3 3 
10 -3.7 6 
25 -4.1 > 15 
50 -2.5 > 15 
60 -6.0 10 
approximately 1 micron rms. We have seen no difference in the coupling 
achievable with the two surface finishes. Scanning is more difficult on 
rough surfaces, however, and the polished wedge tended to lock to the 
samples even with 50% sucrose solution. We found that increasing the 
sucrose concentrat ion in our solution to 60% allowed smooth scanning. 
There is a strong background signal level ar1s1ng frombackscattering of 
the sound beam propagat ing in the wedge material by small flaws in the wedge 
material itself, both between the transducer and the front face, and in the 
reflected beam propagat ing toward the far end of the wedge. Backscattered 
sound from flaws in the path of the beam propagat ing toward the far end of 
the wedge form a serious limitat ion on the sensitivity of the system, since 
it arrives at the transducer at the same time as an echo from a flaw in the 
sample. If the flaws in the wedge material are larger or more numerous than 
those in the sample, their signals will obscure those from the sample. We 
compared the system electrical noise to the backscattered signal, and found 
the degradat ion to be 16 dB. That is, the minimum detectable signal in the 
presence of the backscattering from our particular wedge transducer was 16 
dB higher than it would have been in the absence of backscattering. Addi-
tionally, the receiver signal to noise ratio could easily be improved from 
the present 15 dB to 5 dB. Thus a total improvement of 25 dB could be 
achieved in a new system incorporating design changes to eliminate backscat-
tering in the wedge and to reduce the electrical noise to the lowest 
practical value. 
We modified the transducer and the electronics before continuing with 
the experiments. The ideal solutions, making a new wedge transducer on a 
defect-free sapphire wedge and designing and building a new receiver, were 
beyond the time and money allocated to this project. In order to decrease 
the effects of background noise due to backscattering in the wedge, we chose 
to operate in what is called a pitch-catch mode. The single transducer 
electrode was replaced with a pair of electrodes 1.3 mm in diameter and 
separated by .7 mm. We then used one electrode f0r the transmitter, and one 
for the receiver. This kept the transmitted beam separate from the receiver 
transducer's field of view in the near part of the field, decreasing the 
strength of the backscattering relative to the desired flaw echoes. 
Essentially, the lateral resolution was improved, because the system was 
only sensitive to reflections arising in the region where the two beam 
patterns overlapped. A 50% sucrose solution was adopted as the standard 
coupling medium. 
We have done scattering calculations, as shown in Figure 5, which 
show that different types of flaws can be expected to show different 
echo shapes. An RF echo from a silicon flaw is shown in Figure 6, 
which shows similarity to the calculat ion of Figure 5. We expect to 
be able to use a signal processing to determine the type and size of flaws 
detected by the system, by automatically comparing features of RF echoes to 
learned features of echoes from known flaws. 
With the modified protocol and equipment, we were able to scan samples 
reliably, both manually and automatically. We have been able to test the 
samples for detectability of the flaws, artd obtained the results shown in 
Table 2. Flaws were detected in samples of ali three types and both nominal 
sizes, with adequate signal to noise ratios. From our theoretical results, 
however, we expect the ratios of signals received from 400 micron flaws to 
those received from 100 micron flaws to be 20rlB for silicon, 16dB for iron, 
and 22dB for carbon. We do not see that experimentally. The theory is 
based on well established results, and it is probable that the variance is 
due to multiple targets within the beamwidth, or clumps of particles, which 
would act like laTger particles. Another possibility is that during the hot 
pressing process, the seeded defects react chemically with the silicon 
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Figure 5. Theoretical impulse responses for various spherical 
flaws in silicon nitride. 
.... 
.... 
nitride to form a zone of changed material larger than the original seed. 
In the next phase of the project, detailed tests comparing ultrasonic 
measurements to destructive test results will be required to establish the 
actual response to a single flaw of known size. 
We expect that further work could produce increases in sensitivity of 
10dB due to improved receiver signal to noise ratio, 16dB due to decreased 
beam diameter when focussing is used, and 16dB due to decreased scattering 
noise when a sapphire buffer is used. Thus, the total improvement possible 
should be about 42dB. From these facts, the results of our scattering 
calculations, and using the signal .to noise ratios from 400 micron flaws in 
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Figure 6. RF echo from a 400 micron silicon inclusion 
in silicon nitride. 
Table 2, we estimate that the flaw sizes detectable by this technique will 
be approximately 18 microns for silicon, 25 microns for iron, and 20 
microns for carbon. We have presumed here that these echoes are from single 
flaws, since only one target was found in each case, and 400 micron powder 
is not very susceptible to clumping. 
An interesting experiment was done with the digital storage system 
and a 2.5 mm thick silicon nitride sample which had a calibrated 40 micron 
deep tight crack. The crack was traversed in a line scan while recording 
the peak value of the reflected signal for every .25mm of lateral motion. 
These data are plotted in Fig. 7, showing two distinct echoes; one direct 
reflection and one resulting from a two-bounce path to the crack. Both 
echoes have high signal to noise ratios, suggesting that considerably 
smaller cracks could be detected. 
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Table 2. Detectibility of Flaws 
Sample Type Nominal Target Signal Comments 
Nuniber Flaw Size to Noise Ratio 
4 Si 400 20dB 
1 Si 100 12dB Multiple targets 
8dB Clumps? 
86 Fe 400 l3dB 
2 Fe 100 16dB Multiple targets 
10dB Clumps? 
67 C 400 19dB Polished 
81 C 400 12dB Fine ground 
27 C 100 15dB Clumps? 
o 4 6 8 9 la 11 12 13 14 15 16 
POSITION (mm) 
Figure 7. Line scan over a 40 micron tight crack, showing 
direct and multiple reflection images of the crack. 
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Future work will be oriented toward building a prototype system capable 
of demonstrating the commercial utility of our technique for solving real 
inspection problems. Our intent is to build a system incorporating alI of 
the improvements we have discovered, as well as fast, accurate and 
convenient scanning hardware, high quality image display and re~ording 
equipment, and a signal processing capability for analyzing and classifying 
the RF echoes from flaws. 
During construction of the prototype, we will upgrade the acoustic and 
electronic aspects of the system to include the following: 
1. Sapphire buffer wedge - to eliminate backscattering noise 
2. Weak focussing - to improve lateral resolution and sensitivity 
3. Lower noise receiver - to improve sensitivity 
4. Fast, accurate, and easily set up scanner 
We intend to soli cit practical samples from manufacturers and users of 
ceramics, and to demonstrate to them a capability to quickly scan their 
samples to detect defects, and then to return to the defect locations and 
analyze the defects by RF signal processing. If the system elicits interest 
from potential purchasers or inspection service customers, it will be made 
commercially available. 
CONCLUSIONS 
We have demonstrated detection of internal inclusions in silicon 
nitride of several types, with diameters of 400 and 100 microns; and of a 
tight surface crack 40 microns deep. Reasonable improvements to the system 
will improve the detection limits to be of order 20 microns. We have also 
calculated the scattering.properties of several types of flaws and have 
noted the"possibility of flaw characterization by processing of the echoes 
obtained. Scanning a six inch square plate up to one quarter inch thick 
39 minutes with lateral resolution of .4mm appears to be feasible. 
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